A T

PCT WORL.D INTELLECTUAL PROPERTY ORGANIZATION
: Internationat Rurcan

INTERNATIONAL APPLICATION PLUBLISHED UNDER THT. PATENT COOPERATION TREATY (CT

f . NPT - - - PO
! (1) Iniernational Pateat Classification S : | (11) International Publication Number: WO 90/10716 |
C12Q 1/68, GOIN 33/545 AT | (43) Intemational Publication Date: 20 September 1990 (20.09.90) |
I -
(21) International Application Number: PCT/US90/01205 I (81) Dusignated States: AT (European paiem), AU, BE (Euro-
i pean patent), CA. CH (European patent). DE (Euro-
(22) International Filing Date: 6 March 1990 (06.03.90) pean patent), DK {European patent), ES (European pa-

tent), FR (European patent), GB (European patent), IT
(European patent), IP, LU (Furoptan patent), N1 (Eu-

(30) Priority data: ropean patent), SE (European pateni). :
321,728 10 March 1989 (10.03.89) uUs i
Published
(71) Applicant: GENE-TRAK SYSTEMS [US/USJ; 31 New With imernational search repon.

York Avenue, Framingham, MA 01701 (US).

(72) Inventors: COLLINS, Mark, L. ; 435 Malden Street, Hold-
en, MA 01520 (US). MORRISSEY, David, V. ; 234
South Main Street, Unit 312, Middletown, CT 06457
(US).

(74) Agents: GRANAHAN, Patricia et al.; Hamilton, Brook,
-Smith & Reynolds, Two Militia Drive, Lexington, MA
02173 (US).

(54) Title: IMMOBILIZED OLIGONUCLEOTIDE PROBES AND USES THEREFOR

14

14F /
1.2r

0.8}
0.6+

04t
0.2t

o~

0D 405nm
o

LoF /
081
(1133 /°

o4 7/

1]
0.2 /

% 20 a0 0 8 w00 10 GP 855757

(57) Abstract Minutes of Capture

The invention is a method of detecting nucleic acids in a sample using oligonucleotide probes which are noncovalently
bound to solid supports for rapid, sensitive, bybridization assays. The method involves coating the support surface with a polyau-
cleotide and then hybridizing a specific capture probe for each analyte to the polynucleotide by way of a short tail of the comple-
mentary polyunucleotide. The immobilized probes are used to capture nucleic acid targets out of complex specimens for nonisot-
opic detection without the necd for prior cell culture or purification of the target nucleic acids. A panel of tests can be run on each
specimen simultaneously, a format that conserves precious samples. The assay can be readily automated, and can be conveniently
Tun in a manual fashion on large numbers of samples in two to three hours.
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" IMMOBILIZED OLIGONUCLEOTIDE PROBEZS
AND_USES_THEREFOR

Background

Biological samples generally contain nucleic
acid sequences which encode information unigue to
its biological source. For example, all species of
bacteria which belong to a certain genus (e.g.,

Campylobacter or Enterobacter) share certain

physical characteristics which are encoded by the
same nuclcotide sequences present in most or all of
the species within the genus. Thus, an assay which
is specific for the genus can be based upon these
common nucleotide sequences.

Detection of nucleotide sequences in a sample
can be carried out using nucleotide probes specific
for these target sequences. For example, Nagata et
al., FEBS, 183:379-382 (1985), describe the use of
UV irradiation to bind heterologous high molecular
weight DNA to polystyrene microtiter wells in order
to detect specific sequences within the immobilized
DNA by way of specific DNA probes.

Zouali and Stollar, J. Immuno. Methods, 90:105-

110 (1986), describe a technique for the attachment
of high molecular weight nucleic acids to
Polystyrene microtiter wells using pre-treatment of
the support with UV irradiation.

Polsky-Cynkin et al., Clinical Chemistry,
31:1438-1443 (1985), describe the use of immobilized

capture probes in clinical assays.

Kremsky et al., Nucleic Acids Research,
15:2891-2909 (1987) and Wolf et al., Nucleic Acids
Research, 15:2911-2926 (1987) describe a technique

PCT/US90/01205
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for the covalent attachment of oligonucleotides to
latex coated polystyrene beads.
Stabinsky, U.S. Patent Number 4,751,177,
describes a single-step target capture that utilizes
05 a hybridization of a tailed capture probe in
solution followed by a solid phase capture with
oligo-(dT)-controlled pore glass.
Soderlund, UK Patent Application GB 2169403A
(1985), describes several affinity-based capture
10 hybridization methods which use two probes, detector
Probe and a capture probe that contains one member
of an affinity pair.
dollins, European Patent Application Number 265
244, describes a nonisotopic reversible target
15 capture protocol which makes use of dA-tailed
oligonucleotide probes and 0ligo(dT) -magnetic
particles and pPoly(adT) filters.
Presently available nonisotopic assay methods
are either lacking in sensitivity for certain
20 applications, or are too complex or too slow to be
clinically useful. They also require a sample to be
split in order to perform multiple assays thereon,
resulting in decreased sensitivity. Most of the
prior art methods also employ solid phases that are
25 not easily separated from viscous clinical samples,
such as stool. It would be helpful to have a rapid,
nonisotopic assay useful for assaying complex or
unpurified samples that is highly specific, simple
to use useful with RNA as well as DNA targets énd
30 applicable to clinical and food samples with no
Prior purification of the nucleic acids. of the

samples.
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Summary of the Invention

The present invention pertains te a method of
determining (detecting and/or quantitating) target
nucleic acid sequences in a sample, vhich it simple

05 and rapid and docs not require the use of radio-
active materials. 1In the method of the present
invention, oligonucleotide probes (capture probes),
which are specific for nucleic acids to be detected
(tafget nucleic acids), and bound to an appropriate

10 support, are contacted with a sample to be analyzed
for the target nucleic acids, under conditions
appropriate for hybridization of complementary
nucleic acid sequences to occur, In general, the
sample has been previously treated in such a manner

15 that the molecular structure of the cells is
disrupted (i.e., the cell structure, such as the
chromosomes and membranes are broken, and the
cellular cytoplasm is dispersed).

In the method of the‘present invention, a

20 sample is treated to release the nucleic acids of
cells contained in the sample, and is combined with
a capture probe, which is reversibly attached or’
preimmobilized on a support, such as polystyrene, by
means of a homopolymer tail whose sequence is

25 complementary to a sequence present on the support
surface. Hybridization of complementary nucleic
acid sequences results in capture of target nucleic
acids from the sample. Capture of the target on the
solid supports also serves to separate the target

30 nucleic acids from sample impurities prior to

nonradioisotopic or radioisotopic detection. Target
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nucleic acids can be detected and/or quantified by
Lhybridizing the captured target with a labeled
probe, for example.
' The present method hzs numerous advantages over

05 présently-available methods. For example, the
present method makes it possible to: (1) analyze
many samples (e.g., 20 or more) nonisotopically in a
short time; (2) carry out analyses without sample
filtration or cell culture or prior purification of

10 nucleic acids; (3) run a panel of tests on a sample
simultaneously without crosstalk; (4) run multiple
tests on a small volume sample; and (5) use capture
probeg without prior purification. 1In addition, the
method can be efficiently performed using a single

15 labeled probe, since one generic probe can be
constructed (e.g., by cloning) to hybridize\to all
target nucleic acids that make up a screen or a
panel. The present assay method allows the
non-radioactive detection of as little as one

20 hundred attomoles of target nucleic acid in any type
of cell extract (bacterial, mammalian, yeast,
plant), in food and clinical samples and other
impure biological specimens in about two hours.

In addition to its use in detecting and/or

25 gquantitating the level of target present in a
sample, the present invention can also be used,
without the customary phenol exXxtraction, to isolate
nucleic acid targets from crude specimens for
cloning (or subcloning) and/or amplification.

30 Substantial purification of the target prior to

either cloning or target amplification (such as the
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PCR method, Mullis, U.S. Patent 4,683,202) reduces
the level of background (and thus improves the
specificity) of these procedures as well as remcving
ﬁumerous interfering substances Present in crude
specimens. In addition, if necessary, the
sensitivity of the detection of targets by the
present method can be substantially improved by
inserting an optional target amplification method
between target capture and detection or by using
reversible target capture methods as disclosed
herein.

The method of the present invention is
particularly useful for precious or small volume
samples because it is not necessary to divide the
sample into smaller samples for each test to be
carried out. Another advantage of the present
invention is that a nonspecific or generic reporter
probe can be used because the possible loss of
signal due to the presence of interfering substances
or high levels of competitor organisms is avoided by
capturing target nucleic acid sequences from the
sample being tested prior to labeling.

The present invention also includes kits for
rapid analysis of samples by the method of the
Present invention. A kit can contain, for example,
suitable solid supports, such as dipsticks or wells,
which contain a substratum, which is discussed in
greater detail hereinbelow, and a specific capture
probe prehybridized to the substratum, and an agent,
such as a lysis solution, for disrupting cells to

free cellular nucleic acids for detection.

PCT/US90/01205
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Alternatively, the kit can contain capture probes
wvhich are not bound to the solid phase. This
requires the user to perform the prehybridization
step. Such a system allows the user more
flexibility since the uscr vould prepare the
appropriate capture probe-solid phase adducts
wvhenever desired. The kit can, optionally, contain
a labeled probe and a means for detecting the
labeled probes, positive and/or negative control
samples, elution buffers for carrying out reversible

target capture and amplification or cloning reagents.

Brief.Description of the Figures

Figure 1 depicts the rate of capture of rRNA
targets with (A) the capture probe free in solution;
or (B) with the capture probe prehybridized to the
polystyrene.

Figure 2 depicts the dose-response curve for

the nonisotopic detection of Salmonella typhimurium

in 25% w/v normal stool with the Present invention.
Figure 3 is a schematic representation of the
nucleotide sequence of the oligonucleotide probes

used in the present invention.

Detailed Description of the Invention

The present invention relates to a rapid,
nonisotopic method of determining (detecting and/or
quantitating) nucleic acid sequences of interest
(target nucleic acid sequences) in a sample, as well
8s a method of isolating or purifying target nucleic

acid sequences (e.g., for the purpose of
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amplification or cloning), materials useful in
carrying out the method and kits containing such
materials, useful for determining target nucleic
acid sequences in a sample.
05 In the method of the present invention, a
' complex sample to be analyzed for the presence of
one or more of the target nucleic acid sequences is
- combined with a solid support which has affixed to
or immobilized on its surface nucleic acigd
10 sequences, or probes, referred to as "capture
nucleic acid sequences" or "capture probes”". The
capture probes are complementary to the target
nucleic acid sequences, and, under appropriate
conditions, will hybridize with the target nucleic
15 acid sequences.

The capture probes are bound to a poly-
nucleotide layer or substratum, which i{s discussed
in greater detail below, which is coated directly
onto the solid support, through a "tail" which is

20 complementary to the substratunm.

The present method can be used on any sample
which contains nucleic acids. The sample must be
sufficiently liquid to allow contact with the probe
and for hybridization to occur. The sample can be

25 complex, clinical samples, such as, mucus, sputum,
urine, stool, or blood, or foods or beverage, such
as milk, cheese, wine or prepared foods. The sample
does not have to be separated, filtered or
precultured prior to use of the present method. The

30 sample is generally pretreated with an agent which

disrupts molecular structures within the cells.
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These agents are referred to as “agents that disrupt
molecular structures" (e.g., "chaotropiec agents"),
and will disrupt the cells, or viruses, present in
the sample to release nucleic acids. Such agents
zre generally compounds or solvents which disrupt
the molecular structure of a gell, that is, these
agents are capable of denaturing the secondary,
tertiary and/or quarternary structures of
biobolymers, including proteins, nucleic acids and
polysaccharides, that are generally found in
specimens. Examples of agents that disrupt
molecular structures are chaotropic salts (e.g.,
guanidinium thiocyanate), and monovalent salts of
large acidic anions (e.g. trichloroacetate,
trifluroacetate), denaturing detergents (e.g.,
dodecyl sulfate), hydrolytic enzymes (e.g.,
proteases), and compounds which disrupt hydrophobic
bonds (e.g., phenols, dimethyl formamide,
dimethylsulfoxide, tetramethyl urea, guanidinium

hydrochloride) or hydrogen bonds (e.g., urea,

formamide). Physical or mechanical means of
disrupting molecular structures, e.g., sonication,
can also be used to release nucleic acids. Agents

that disrupt molecular structures can be used singly
or in various combinations to achieve a desired
result,

Solid supports which can be used in the present
invention include any solid material to which can be
bound sufficient amounts of the substratum poly-
nucleotide to allow the capture probe to be pre-
hybridized to the support. Polymeric materials,
such as agarose beads or polystyrene, are generally

useful as supporcs.

PCT/USY0/01205
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Polystyrcne is ga particularly useful suppor:c
for use in the present invention because it can hind
large amounts of polynucleotide substractum material,
allows facile nonisotopic detection of targets, and

05 has relatively low nonspecific binding of both
enzymes and nucleic acids. By “nonspecific binding"
is meant the target-independent binding of a probe
to a solid support. The forces responsible for the
sticking are not well understood (hence the use of

10 the word ’'monspecific’), but van der Waals bonds,
hydrophobic bonds, and hydrogen bonds are thought to
be likely contributors to the total energy of the
bihding. The labeled probe may be uncomplexed but
more likely is complexed with one or more cellular

15 components that enhance the tendency of the probe to
bind to the solid support. It is measured by
incubating the sample or specimen, the labeled
probe, the capture probe, and solid support in the
absence of the target, and in the absence of any

20 "pseudo targets" (i.e., targets closely resembling
the actual target) with which nonspecific hybrids
may form. The configuration of the support will
vary depending upon the type of assay and the nature
of the samples to be assayed. Configurations such

25 as microtiter wells, tubes and dipsticks are useful
in the present invention and allow the 51muICaneous
assay of a large number of samples to be performed
manually in an efficient and convenient way. The
assay can also be automated using, for exanmple,

30 microtiter wells and is capable of extensive

automation because of automatic pipetters and plate
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readers. Other solid phases, particularly other
plastic solid supports, may also meet these basic
criteria (inecluding the ability to adsorb large
amounte of polynucleotide) and thus be suitehle for

05 use in the present invention.

A substratum or layer is coated onto the
supports. The ’'substratum’ is a layer of material
that is laid down on a solid support by covalent or
noncovalent means, which greatly enhances the

10 binding of the next layer of material. The
substratum can be any polynucleotide. The
polynucleotides can be from about 50 to about 3000,
or mofe, nucleotides in length. About 1500 to 3000
nucleotide bases is a Particularly useful length.

15 Preferred substrata materials are homopoly-
nucleotides such as homopolymers of
deoxyribothymidylate (dT), deoxyriboadenylate (dA),
deoxyribocyfidylate (dC) or deoxyriboguanylate (dG).
Poly(dT) and poly(dA) are Particularly preferred

20 substrata for the present invention. However, mixed
sequences comprising simple repeating polynucleotide
sequences, having repeat sequences no longer than
about a tetranucleotide, can be used. For example,
alterating nucleotides (e.g., GTIGT or GGTTGGTT) can

25 be used as the substratum, wherein the length of
each repeat sequence is four nucleotides or less.

In general, about 250 ng to about 1 pg of substratum
is bound to the support.

Binding a substratum or layer of material to a

30 solid support (such as polystyrene) allows the

binding of a multiplicicy of oligonucleotide capture

GP 055768
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probes (up to about 1 pg), which in the absence of
the substratum do not bind to the sclid support (< 1
ug to polystyrene). More than one substratum layer
can be bound to a support. For example, large

05 adaptor molecules containing short tails, 2s well as
a multiplicity of properly spaced secondary ligands,
can be bound to a poly(dT) (or other polynucleotide)
substratum bound to polystyrene. The multiplicicty
of secondary ligands constitute the second layer or

10 second substratum. Thus many first probes or other
adaptor molecules can bind to the solid support and
each of them would be capable of binding a plurality
of'capture probes. Additiomal layers can be added
as mneeded. In this way the capacity of the solid

15 support can be increased to any desired level to
improve the speed and efficiency of the capture of
target molecules,

The capture probes are mixed base nucleic acid
sequences, which are specific for the target nucleic

20 acids to be detected. The mixed base sequences of
the probe allows it to base-pair only with the
complementary sequence of the target nucleic acid,
under appropriate conditions of stringency. That
is, the capture probe may bind "pseudo targets"

25 which have sequences which are closely, but not
exactly complementary to the mixed base sequence of
the probe, forming nonspecific hybrids. Nonspecific
hybridization can be reduced under stringency
conditions. (Stringency is described below, and in

30 detail in Example 6). The specific sequence of the

capture probe will depend upon, and be complementary

GP ©5S5769
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to, the nucleic acid sequence of the target nucleic
acid. The probe can bce DNA or RNA.

The capture probes are bound, via a "tail", to
the substratum prescent on a sclid support. The tail
is an RNA or DNA segquence that is complementary to
the substratum. The tail can be added either
synthetically or enzymatically to either the 5' or
3’ end, or middle, of the capture probe. Thus, if
the substratum is poly(dT), a complementary tail
would consist of poly(dA). Oligonucleotides (i.e.,
about 10-50 nucleotides) are preferreq as capture
probes over polynucleotides (i.e., more than about

50 nucleotides) because of the former'’s greater

. specificity. Oligonucleotides can readily dis-

tinguish a perfectly formed double helix (exact
match) from just a single-base pair mismatch. This
exceptional specificity has been termed "allele
specificicty”. Connor, B.J. et al. (1983), Proc.
Natl. Acad. Sci. USA, 80, 278-282 describe the

allele-specificity of oligonucleotides generally.
Collins and Hunsaker, (1985), Anal. Biochem., 151,
211-224 describe the allele-specificity of tailed

oligonucleotides.

The tailed capture probe is reversibly or
noncovalently bound to the substraturn. That is, the
binding of the tail to the substratum can be changed
by a simple physical stress, such as increasing the
temperature or the chaotrope concentration. Thus,
capture probes bound to a poly(dT) substratum via a
(dA) tail can be readily removed, after binding wicth

the target nucleic acid for further processing.

GP @535770
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This can be done for example, simply by adding
heated buffer to the polystyrene or increasing the
concentration of a chactrope or nucleic acid de-
naturant above a certain threshold level. The

05 probe-target complex can be recaptured by cooling,
or by a simple dilution of the nucleic acid
denaturant.

In one embodiment of the present invention, UV
or gamma radiation is used to bind the homo-

10 Polynucleotide substratum, such as poly(dT), to
solid supports, such as microtiter wells, dipsticks,
and tubes. The process of binding a polynucleoctide
subétratum'to a substrate is described in detail in
Example 1.

15 The tailed capture probe is immobilized on the
substratum by prehybridizing the probe with the
substratum. That is, the tailed probe is hybridized
to the substratum complementary sequence prior to
use in an assay. In the preferred method, the

20 substratum sequence is poly(dT) and the tail is
poly(dA). However, other simple repeating sequences
can be substituted for the dA-dT affinity pair. The
repeating sequences should preferably be no longer
than about a tetranucleotide (i.e., 4 nucleotide

25 bases) in order to provide the rapid hybridization
kinetics that would be desirable in a manufacturing
Process. In prior art methods, the tailed probe is
added by the user to the specimen, and bound to the
target in solution and then bound to the solid

30 support. That format is disadvantageous in that

multiple tests cannot be performed on each sample,

GP @55771
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and the tailton the capture probe must be long to
overcome steric hindrance in the approach of the
target to the support. 1In the present method, the
uéer simply combines one or more sclid supports,

05 already containing Lound capture probes, zand the
sample and maintains the resulting combination under
conditions appropriate for hybridization of
‘complementary sequences to occur.

More than one type of immobilized oligo-

10 nucleotide capture probe can be contacted with a
single sample at one time, thus making it possible
to analyze the sanmple for more than one target
nucleic acid sequence at a time. For example,
different solid supports specific for different

15 bacterial genuses can be used simultaneously to test
one sanmple for the presence of the bacteria. The
stability of the linkage between the probes and the
substratum substantially pfevents
cross-hybridization, or "cross-talk", among the

20 different typeé of probes. The term "crosstalk"”
means interprobe exchange of capture ahd or target
oligonucleotides. That is, where one or more
dipstick probes is contacted with a sample, a
capture oligonucleotide bound to one of the dip-

25 sticks, which may or may not be hybridized with a
target nucleic acid, detaches from the dipstick and
becomes bound to another dipstick in the sample.
This'migration of probes between dipsticks is
“crosstalk”". The term can apply to other support

30 configurations besides dipsticks, which was used

merely to illustrate the present example.
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Prehybridizing the capture probe to the support
eliminates the need to purify the capture probes
after the tailing reaction. Only oligonucleotides
with a tail of sufficient length will bind to the

05 coated polystyrenc.

Prehybridization also helps to overcome
potential interference from endopgenous pPoly(A) or
Poly(da), which interference is potentially
significant in clinical samples containing a large

10 number of human cells. Capture probes with very
short tails can be used since the target cannot
sterically hinder the tail’'s attempt to bind to the
solid support. The tail length need only be
sufficiently long to form stable hybrids with

15 poly(dT) in the buffer enployed. Reduced tail
length also decreases the cost of the capture
probes. The preferred tail leﬁgth is from about 15
to about 30 nucleotides.

In the method of the Present invention,

20 oligonucleotide capture probes preimmobilized on
solid supports by way of the homonucleotide affinicy
pair are contacted with the sample for direct
detection of specific microorganisms in the samples.

For example, Campylobacter has been detected

25 directly in clinical stool samples with about 90%
specificity and sensitivity. The assay can detect

Campylobacter and Salmonella seeded in 25% w/v

normal stool at less than 1.0 x 10S cells/ml.
The method described herein simplifies sample
30 handling and Processing in that filtration normally

required for stool and other viscous or chunky
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samples is omitted and pipetting can be minimized
due to the ability tc add cne dipstick {for each test
to every sample. The preimmobilization of the
cépture probe on a s0lid support allows simultaneous

05 analysis of cach 2nd every clinical cample {or a
number of different analytes.

In the present method, specimens are first dis-
solved by a chaotropic agent (e.g., a solvent
disrupting molecular structures). By doing capture

10 in a chaotropic solvent which disrupts the molecular
structures of the target cells or viruses prior to
labeling, other substances that could potentially
interfere with this nonisotopiec assay, such as
endogenous biotin, avidin, avidin-like molecules,

15 nucleases, proteases, and nucleic acid binding
proteins, are removed prior to the introduction of
the labeled generic probe. A number of immobilized
capture probes, for example, polystyrene dipsticks,
each with a different specific capture probe

20 (including an optional nonsense control sequence),
is then placed into each sample to remove target
molecules complementary to each of the probes. The
dipsticks are removed from the specimens, washed,
labeled, for example, with a generic reporter probe,

25 and detected nonisotopically. Nonisotopic detection
can be carried out using the biotin-streptavidin-
alkaline phosphatase system described by Leary et
al. in Proec. Nat'’l. Acad. Sci. USA, 80:4045-4049
(1983). The targets can also be labeled with labels

30 such as fluorophores, chemiluminescent compounds or

radioisotopes and detected using standard methods.
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"stringency"” wash step. & stringency wash is a wash
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Protocol that reduces nonspecific hybridization. A
nbnspecific hybrid is an imperfect bhybrid, that is,
cne that contazins mostly correct base pajirs, but has
one or more mismatched bases (e.g., A not paired
with T or U; C not paired with G). Nonspecifie
hybrids generally have a lower dissociation
temperature than the perfectly base-paired hybrid
between the actual target and the capture probe.
Nonspecific hybridization results in a complex of a
capture probe and a “pseudo-target", which is a
molecule that closely resembles the actual or real
target in its base sequence. The temperature of a
stringency wash is generally about 1-5°C below the
dissociation temperature of the capture probe-target
complex, but just above the dissociation temperature
of any capture Probe-pseudo target complexes that
may be present. A quaternary salt, such as
tetraethyl ammonium chloride (TEA Cl) can be used
for the stringency wash. For example, at a
concentration of 2.4M, TEA Cl confers equivalence to
G-C and A-T base pairing, allqwing the stringency of
hybridization to be controlled at a single
temperature (for a fixed probe length) in a manner
that is completely independent of GC content. Wood,
W.I., et al., (1985), Proc. Natl. Acad. Sci,
82:1585-1588. Since TEA C1 strenghtens A-T base

pairing in relation to G-C, it was employed as a

wvash reagent to maintain tight binding of the

dA-tailed probe to the poly (dT) coated support

PCT/US90/01205
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vhile decreasing the strength of mismatched hybrid-
ization reactions betwecen the mixed base sequence

oligonucleotide capture probe and any nucleic acid
séqunncen closely resembling the true tzrget. Two

05 gurprising aspecte of the TEA C1 wash in the present
system are that (1) non-specific binding of the
labeled probe to the colid support is decreased
while, (2) hybridization signals are increased when
the wash is applied prior to the addition of labeled

10 probe.

It has now been shown that the level of
subsequent binding of the labeled probe to captured
targets is increased by up t6 a factor of eight when.
the TEA Cl wash step is applied prior to the ad-

15 dition of the labeled probe. Washing with TEA C1
prior to the addition of labeled probe causes a
decrease in the level of the nonspecific binding of
the labeled probe to the support during the sub-
sequent labeling reaction. Similiar results have

20 been demonstrated with 2.4M TEA Br and can be
predicted with the use of related salts/solvents.

Without wishing to be bound by theory, it is
believed that the TEA cations remain bound to the
Poly(dA)-poly(dT) for a significant period of time

25 and somehow alter the structure of the immobilized
probe-target complex with the result that the target
becomes more accessible to incoming riboprobes, thus
increasing the hybridization efficiency. For
example, the target rRNA may have its elaborate .

30 secondary structure relaxed in TEA Cl. Orosz aﬁd
Wetmur, (1977), Biopolymers, 16:1183-1199 describe
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the relative instability of the RNA-RKA double helix
in TEA Cl. For a short period of time the target
may be morc accessible to the incoming riboprobe,
dausing an overall increase in the level of
05 hybridization.
In addition te the format described above, the

present method can be used in a "reversible target

capture" format. By "reversible target capture" is
meant the following process: A target is
10 immobilized om a first solid phase. The first solid

Phase is washed and the target is removed by
addition of the first elution buffer and immobilized
on a second solid phase. The second solid phase is
washed, and, optionally, the target is removed with

15 a second elution buffer and immobilized on a third
solid phase. The process can be repeated as often
as desired. The process of reversible target
capture greatly enhances the signal/noise ratio of
the hybridization assay. The solid phases can be

20 the same or different; the elution buffers can be
the same or different. Generally, maximum
signal/noise ratios are achieved when both the solid
phases and the elution buffers are different.

Formats for reversible capture include, for

25 example:

1. Targets are captured with short-tailed (e.g.,
having a dA tail about 15 nucleotides long) oligomer
probes (about 35-50 nucleotides in length) which are
prebound to polystyrene, in a tetraalkylammonium

30 salt. If desired, a specific labeled probe can be
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added during the first capture. 1If a generic
labeled probe is desired, it can be zdded to the
elution buffer. Elution is performed using 2.5 M
GQSCN and recapture is done with a secend
vligonucleotide containing a longer tail (e.g. a
dA-50 or dA-100 ta2il) which will form stable hybrids
with poly(dT) im 2.5 M GuSCN. (2 oligoprobe

specificity, 3 if a specific labeled probe was

used).
2. Targets are captured with short-tailed (e.g.,
. §
about 15 nucleotides) oligomer probes (e.g., about

35-50 nucleotides in length) prebound to polystyrene
in a tetraalkylammonium salt. If desired, a
specific labeled probe can be added during the first
capture. If a generic labeled probe is desired, it
can be added to the elution buffer. Elution is
performed with 2.5M GuSCN. GuSCN is then diluted so
that the short tailed probe can rebind to poly (dT).
(1 oligo probe specificity or 2 if a specific

labeled probe was used).

3. Targets are captured with a short oligomer (e.g.
about 15-20 nucleotides) and a long tail (e.g.,
dA-100 or more). A specific labeled probe can be
used during the first capture; a generic labeled
probe is best used during the elution. The target
is then released by contacting with a
tetraalykylammonium salt that stabilizes
poly(dA)--poly(dT) relative to mixed base sequences.

The tailed probe remains bound to the support; the
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target is released. The target is then recaptured
with a second specific oligomer to improve the
specificity of the hybridization and reduce the
ﬁonspecific binding of excess labeled probe to the
05 solid supports. (2 oligo probe specificity, 3 if a

specific labeled probe was used) .

4. 1In the preferred method, the first capture probe
is prebound to the first solid support. A second
mixed base sequence can be prebound to the second
10 solid support. The next step is to capture the
target on the first solid support. A specific
labeled probe is best added during the first capture
vhile a generic labeled Probe is best added to the
elution buffer. Elution is done in such a way as to
15 remove only the target, or the target and the first
capture probe. It is preferable to add a specific
labeled probe to the elution buffer if the process
of elution would dissociate a previously added
labeled probe from the target. The sample is either
20 cooled or diluted, as required, and added to the
second solid support. The poly(dT) of the second
solid support was pre-saturated with the second
capture probe wel} enough to Prevent any significant
rebinding of the target to the second second support
25 through the tail of the first capture probe. 1In
other vords, the target is forced to rebind to the
support by hybridization to the second specific
mixed base sequence (2 oligo probe specificity,or 3
oligoprobe specificity if a specific oligomer

30 labeled probe was used).
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By adding an appropriate amount of poly(dT) to
the elution buffecr, the poly(dA) of the firsc
capture probe can be prebound to the poly(dT) in
solution before it has a chance to bind to the

0% sccond support. This method has been employed
successfully to block poly(dA)-containing molecules
from binding to poly(dT) supports containing
prebound tailed probes in a co-pending U. S. pactent
application entitled "Methods and Apparatus Useful

10 in Preventing Endogenous Substances from Interfering
with Affinity Capture Schemes™ by Collins, Gillespie
and Morrissey, Serial No. 07/322,419, filed March
10, 19ﬁ9, the teachings of which are incorporated
herein by reference.

15 Poly(dA) can be incubated with the second solid
Phase prior to the addition of the sample that
eluted from the first solid phase with the first
tailed probe. This will effectively preblock any
free poly(dT) on the second solid phase so that no

20 poly(dA) from the first'tailed Probes can bind to

the second solid support.

It should be noted that the pProcedures de-
scribed above are not limited to just two captures,
but can be extended to any desired number of

25 captures. However, if more than two are employed,
the assay is more suitable to automation than for
manual use. In addition, the second or even the
third solid phases (with triple capture) do nor have
to be of the same chemical composition as the first.

30 Indeed, advantages have been disclosed for the use
of very different solid phases in reversible target
capture (Collins, European Patent Application Number
87309308.2).
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The assay steps of the present method can be
readily automated. This is especially so with
microtiter plates as the solid phase, since
aﬁtomatic pipeting equipment (for reagent addition
and washing c<tepsg) and color recaders alreaﬁy exist
for microtiter plates. An automated device for
carrying out the present invention can comprise: a
Pipetting station and a detection apparatus, said
pipetting station being capable of performing
sequential operations of adding and removing
reagents to the solid phase at specific time points
in a thermostatted environment (i.e., temperature
controlled environment). The sequential operations
include one or more of the following: mixing or
contacting samples, lysis solutions and solig
support, withdrawing fluid from the supports, adding
wash buffer, repeating the Steps enumerated above,
adding labeled probes, repeating the wash steps
again, adding detection agents, and detecting the
signal with the detection apparatus.

The present preimmobilized oligonucleotide
probes and method of using them can be incorporated
into a kit for clinical use. Such a kit would
include solid supports each having bound theréto a
substratum, and one or more specific tailed capture
probes prehybridized to the substratum. The
substratum will preferably be a homopolynucleotide,
such as poly(dT). The kit can also contain lysis
solutions or other chaotropic agents, and a labeled
probe for detecting and quantifying target nucleic

acids. The kit can optionally contain wash buffers,
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a means for detecting the labeled probe, one or more
clution buffers, amplification or cloning reagents,
and/or one or more positive control samples and one
or more negative control samples. Amplification

of the target sequcnces can be accomplished, for
example, by the technique described by Mullis in
U.S. Patent 4,683,202. Cloning of the tarpget
sequences can be accomplished, for example, by the

method disclosed by Maniatis in Molecular Cloning:

A _Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY (1982).

The invention will now be further illustrated

by the following examples, which are not intended to

be limiting in any way.

EXAMPLES .
Example 1

This example shows that laying down a poly(dT)
substratum on polystyrene greatly increases the
ability to bind the preferred oligonucleotide
capture probes to this solid phase, which in turn
improves the ability to do target capture on this
support. It further discloses methods for Preparing
multilayered substrata to increase the binding
capacity of the support for the capture probes, and
thus, to increase the speed and efficiency of target

capture.

Materials and Methods

Coating of Polystyrene with Poly(dT)

The following procedure is for coating
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microtiter wells, but has also bcen used
successfully for coating polystyrene tubes and
dipsticks such as those produced by Hygeia, Inc.
(Newton, MA) . Removawell Strips werc used to
customize the numbcecr of wvells to be uvged PeY test.
A volume of 0.3ml of 3 OD/ml poly(dT) in 1.5M NaCl,
0.3M Trips (pH8.0), 0.5M MgCl2 Per microtiter well
(such as Dynatech Immulon 2) was sealed and
incubated overnight at 37°C. The dT mixture was
then removed from the wells, which were dried at
37°C for 30 minutes. The dried wells were exposed
to 650 pW/cm2 of UV (254nm) for 2 minutes, washed
three times with 1M Nacl. 100mM Tris (PH9.3), 2mM
chlz, 0.1% Tween 20, and air dried. Wells were
blocked with 0.5M LiCl, 2.5% acetylated BsAa, 10
kg/ml denatured E. coli DNA, and 10 ug/ml tRNA for 1
hour at 65°C, and washed three times as above.
Alternatively, 2.5M GuSCN was substituted for 0.5M
LiCl and the blocking was done at 37°C instead of
65°C.

Determination of the Binding Capacity of

Poly(dT)-Coated Microtiter Wells

To determine the binding capacity of the
Poly(dT) coated wells, 0.3ml of 32? 5' end-labeled
dAl2 (S5ug/ml) (Pharmacia) in the 1M NaCl wash buffer
was added per well and incubated for 15 minutes at
room temperature. The wells were washed three times
wvith the above buffer and then scintillation
counted. An acceptable dAl? binding capacity for

rapid (i.e., 30-60 min) capture was determined by

PCT/US90/01205
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experiment to Se gpreater than or equal to 200
ng/well. Uncoated wells (no substratum) typically
had a dAl2 binding capacity of less than 1 ng/well.

. The binding capacity for oclipgonuclcotides was
determined by binding 32P-labeled tailed oligos to
poly(dT)-coated and uncoated (control) wells, which
were blocked as described. A binding mixture of
2.5M GuSCN, 2.5% acetylated BSA, 200mM Tris (pH?7 .4),
40mM EDTA, and 2.5pg/ml of the labeled dA-tailed
probe was added to microtiter wells with and without
dT3000 coating as a negative control. The mixture
was incubated at 37°C for one hour, removed from the
wells (and saved), and the wells were washed three
times with the standard wash buffer. Both the wells
and the used binding mixture were scintillation
counted. To determine the amount of tailed probe
bound to the wells, the following formulas were used

with C defined as capacity (in micrograms):

cpm added - cpm removed cpm bound

Sa probe (cpm/ug) Sa (cpm/ug)

From the known specific activity (Sa) of the probe,
the amount of tailed probe bound per well was
calculated. The results of the two methods showed

excellent agreement.

Preparation of Tailed Capture Probes

Oligonucleotide probes were tailed overnight at

37°C in 0.1M potassium cacodylate (pH7.0), &4mM
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MgCl,,
BsA, dATP:oligonucleotide at a 50:1 to 150:1 molar

lmM 2-mercaptoethanol, 0.lmg/ml acetylated

ratio, and 1000 units per ml of TdT (Supertechs). A
émall amount of tritium labeled dATP was added to

05 the reaction in order to be able rto determine tail
length and the amount of tailed probe bound per
wvell,

10 (Figure 3) was 5' end-labeled with 32P to a specific

activity of 106 cpm/pg and tailed with either 30 da
residues or 110 dA residues. The probes were bound
to blank microtiter wells and crosslinked with UV as
described for the Poly(dT) immobilization procedure

15 or they were hybridized to poly(dT)-polystyrene
wells in 2.5M GuSCN at 37°C as described. The wells
which were not coated with Poly(dT) bound an average
(of five wells) of 1 ng of the dA-30 probe and 0.8
ng of the dA-110 probe, a capacity much too low to

20 be useful in a rapid assay format. Surprisingly, an
average of 417 ng of the shorter tailed probe and
323 ng of the longer tailed probe were bound to the
Polystyrene wells coated with the negative control
dT3000 substratum, which is significantly higher

25 than what is reported in the prior art with random
sequence DNA. Suprisingly, the ability to bind the
preferred oligonucleotide capture probe to
polystyrene was increased 300-500x fold by using the
poly(dT) substratum.

30 While virtually no dA-tailed ocligonucleotide

bound to untreated Polystyrene using the prior art
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methods, 2 substantial amount of the zailed
oligonucleotide probe wzs iwmobilized on the
poly(dT) coated support. Typical levels of bound
capture probe range form 250 to 500 ng per well with
05 the entire range producing acceptable results in
assays. A larger difference in the amount of probe
'bound in relation to tail length would be expected.
A shorter tail should allow an increased amount of
oligonucleotide to bind, although the oligomer with
10 the longer tail is probably not binding to the
poly(dT) with all of the nucleotides in its tail.
Increased binding of the tailed probes to the
Poly(dT)-coated supports has been achieved by
increasing the concentration of the oligonucleotide
15 in the binding mixture to 5.0pg/ml-10.0pg/ml.

The concept of binding a layer of poly(dT) to
Polystyrene to allow the binding of a multiplicity
of tailed oligonucleotide capture probes, which by
themselves do not bind to Polystyrene, can be

20 further generalized. For example, tailed probes
containing a multiplicity of préperly spaced
secondary ligands can be bound to poly(dT)
Polystyrene as above. The multiplicity of secondary
ligands constitute the second layer or second

25 substratum. Thus many first probes or other adaptor
molecules can bind to the polystyrene and each of
ther would be capable of binding a plurality of
additional capture probes (potentially bound to a
target). 1In this way the capacity of the

30 polystyrene solid Support can be increased to any
desired level to improve the speed and efficiency of

the capture of target molecules.
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Example 2

The present invention provides the szme assay
sensitivity as previous techniques that employ a
capture probe free in solution. The rate of capture

with the present method is, surprising, only =slight-

.ly slower than the rate with the capture probe free

in solution. The rate of capture is thus sufficient

for practical clinical use.

Materials and Methods

Coating of polystyrene with Polyd(dT) and
tailing of caprture Probes were performed as

described in Example 1.

Synthesis of Labeled Generic Riboprobe

A 3’ 567bp fragment of the E. coli 16S rRNA was

cloned into the PGEM4 vector. (Promega Biotec) It

was transcribed with T7 Polymerase using bio-11-UTP
(Enzo) according to the manufacturer’s instructions
(Promega Biotec). The resulting riboprobe was then
Purified by two rounds of ethanol precipitation.
This probe is capable of hybriding through short
Stretches of homology to all eubacterial 16S rRNa
for which sequence information is available. It has

been shown to hybridize to E. coli, Shigella,

Salmonella, Campylobacter, Listerig, Neissefia

gonorrhea, and Chlamydia trachomatis.

Binding of dA-tailed Oligonucleotide Probes to

Poly(dT) Coated Microtiter Wells Prior to

Target Capture

A binding mixture of 2.5 GuSCN, 200mM Tris
PH7 .4, 40mM EDTA, 2.5% acetylated BSA, and 2.5pg/ml

PCT/US90/01205
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of the dA-tailed probe was added to preblocked
microtiter wells with and without (negative control)
dT3000 coating. The mixture was incubated at 37°C
for one hour, removed from the vells (and saved),
and the wvells vere washed three times with the
standard wash buffer. Both selected wells and the
used binding mixture were scintillation counted. To
determine the amount of tailed probe bound to the
wells, the formula set out in Example 1 was used.
The two methods used to calculate capacity were in

excellent agreement. Control wells which were not

‘coated with polydeoxythymidylate bound an average

(of five wells) of 1 ng of tailed probe. Poly(dT)
vells typlcally bind 300-500 ng of tailed probe
depending on the tail length.

Use_of Pre-bound Capture Probes in a

Nonisotopic Assay

Capture probes can be immobilized either on
polystyrene microtiter wells, polystyrene tubes or
dipsticks, or other configuration, with all supports
functioning equally well for assaying clinical
samples. Most of the work has been done with
microtiter wells, thus, the following procedure is
tafilored specifically for this support, though with
alterations in volumes, it is easily adapted to
dipsticks and tubes.

Three volumes of 1.3X Processing buffer (3.25M
GuSCN, 0.4M Tris pH7.5, 0.08M EDTA, 13% dextran
sulfate, 1% Sarkosyl) were added to clinical
samples. After vortexing for 30 seconds at top

speed, 300pl of sample was added to each microtiter

PCT/US90/01205

GP @55788




WO 90/10716 PCT/US90/01205

N -31-

well and capture of targets by the prc-bound probe
was allowed to occur for 40 minutes at 37°C.
(Capture time varies, depending on length of the dA
tail on the pProbe, with approximately onc minute

05 allowed for each dA). The samples were then removed
from the wells, which were quhed with 2.4M tetra-
cethyl ammonium chloride (TEA C1) for 15 minutes at
37°C. This was followed by the usual high salt
wash. A 300 gl volume of a biotinylated generic

10 riboprobe mixture was added per well and incubated
for 30 minutes at 37°C. This mixture contained
0.5-1.0 pg/ml of the riboprobe, 2.5M GuSCN, 0.2M
Tris pH7.5, 0.0lM EDTA, and 10% dextran sulfarte.
The riboprobe mixture was then removed from the

15 wells, which were washed three times, and the enzyme
conjugate (diluted 1:500) was added to the wells
(300 gl/well) and incubated for 10 minutes at roon
temperature. This was followed by three to five
washes with the NaCl wash buffer and then the ad-

20 dition of the enzyme substrate pNPP (1 mg/ml) in 1X
diethanolamine buffer (Kirkegaard and Perry). The
optical density at 405nm was read when the back-
gpround on the negative control wells started to

appear.

25 Resulces
To be a viable rapid assay method for clinical
use, the pre-bound probes must function about
equally well as capture probes free in solution.
That is, the signal/noise ratio must not be signifi-
30 cantly worse with the Preimmobilized probe and it

must not be so slow as to be impractical in a rapid
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assay format. 1In order to make this compariscrn,

Campylobacter cell extracts were assayed using a

Pre-bound capture probe, and also with the hybrid-
ization of the capture probe occurring in liquid

05 phase. A Campylobacter cpecific probe and the

target containing 65 dA residues on the 3° end,
.(hereafter referred to as probe #732 shown in Fipgure
3), was bound to poly(dT)-3000 coated microtiter
wells as described above. A 300ul volume of 2.0 x

10 106 Campylobacter cells/ml in 1.0 x 108 E. coli/ml

in 2.5M GuSCN, 10% dextran sulfate was added to
wells with pre-bound 732 probe and incubated for the
times indicated in Figure 1. As a control, samples

containing 1 x 108 E. coli/ml, but no Campylobacter,

15 were incubated under similar conditions. 1In
parallel, the same samples were pPreincubated for one
half hour with 1 ug/ml of dA-tailed #732 and 1 pg/ml
biotinylated generic riboprobe, and added to
poly(dT) coated wells for the indicated times. All

20 wells were incubated for the indicated times at 37°cC
and then washed three times with 1M NaCl, 0.1M Tris
pH 9.3, 2mM MgClz, 0.1% Tween 20. The standard
assay procedure was then followed as described above
for detection. Figure 1 shows that essentially no

25 difference in the maxinmum signal was observed
between the assay performed with the capture probe
either preimmobilized on poly(d)-coated polystyrene
or free in solution. Backgrounds were substracted
from signals in generating Figure 1 and were

30 negligible in all cases (less than or equal to 2% of

the maximum signal).
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A surprising result was that the rate of
capture with the dA-65 tziled preimmobilize capture
probe was only slightly slower than with the same
éapture probe free in solution. 1In Figure 1,
capture is substantially complete in 60 minutes with
the capture Probe-target cbmplex free in solution
and with the dA-65 tailed probe prebound to the
support. The capture kinetics with both the free
and the preimmobilized tailed Probe depends on the
tail length. For the preimmobilized tailed probe,
the optimal capture time is approximately one minute
for each da residue in the tail; that is, with a
tail.length of 40, 40 min is allowed for capture;
with a tail length of 90, 90 min is allowed for
capture. The preferred tail length is about 30-40
nucleotides for quick, efficient capture in 2.5 M
GuSCN.

The high concentration of Preimmobilized
capture probe achieved.by the present invention
helps to make the hybridization to the target occur
quickly. The overall assay times for the two
formats are thus about the same (about 2 hours).
Table 1 presents a summary of the time required for

each step in the method.

PCT/US90/01205
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Table 1: Basic Assay Steps and Times
Regquired Therefor
Step Time Required
05 Process samples 2 min/sample
Capture with preimmobilized oligos 40 min
TEA Cl stringency wash 15 min
Label with generic riboprobe 30 min
Wash and detect nonisotopically 30 min
10
Note: 20 stool samples have been conveniently

15

20

25

30

assayed in under 3 hours by this method. The
capture time is that for a 40mer dA-tail on the
capture probe.

Another factor that is thought to contribute to
the unexpected lack of difference in capture kin-
etics between the free and bound capture probe with
a 65mer tail length is that Prebound capture probe
should still have some mobility in its interaction
with the target, since it is anchored to the support
only through its tail. If it were nonspecifically
immobilized to the solid support through its mixed
base sequence (as are probes bound to nitro-
cellulose), then it would have less freedom of

movement to interact with targets.

Example 3

This example shows that there was no crosstalk
among dipsticks containing different prebound probes
wvhen these dipsticks were immersed in the same

sample. It was shown that the reason for the
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absence of crosstalk is thar the capturec probe
remains stably bound to the poly(dT) throughout the
assay.

' Vhen using a number of polystyrene dipsticks in
the same sample, cach with a diffcrent hound capture
Probe, it is possible that some of the noncovalently
bound probe could migrate from one support to
another. This phenonemon could result in diminished
signals and/or in increased backgrounds. The
following experiment was performed in order to see
if such "crosstalk" occurs with this method of
attaching oligonucleotide Probes to polystyrene
supports,

A Campvlobacter specific dA4O-tailed probe

(probe # 732, Figure 3) and a nonsense sequence
control probe (probe # 576, Figure 3) were bound to
poly(dT)-coated polystyrene microtiter wells. These
wells were then used in an assay in two different
vays: the first being as microtiter wells and the
other as "dipsticks" with the entire well being
submerged into a sample. ,

A normal stool sample Processed in 2.5M GuSCN,
10% dextran sulfate was assayed with and without the

addition of Campylobacter extract at 5.06 cells/ml.

Each point was done in triplicate with a total of
six "dipstick" wells being added to 10ml of each
stool sample and 300ul of sample being added to each
microtiter well. Capture was allowed to ocecur for
forty minutes at 37°C and was followed by a TEA C1
wash (equal volumes as samples) for fifteen minutes

at 37°C. At this point, all of the SUpports were

PCT/US90/0120%
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treated as standard microtiter wells and the pro-
tocol described in the Materizls and Methods Section
was followed. The optical density at 405nm was read
10 and 30 mirnutes after the sddition of the enzyme
substrate. The experiment wac repeated using the
Salmonella-specific capture grobe 676 (Figure 2) as
a cvontrol instead of the 576 control probe. In this
case, the OD 405nm was read ten and twenty minutes
after the addition of the enzyme substrate. The
data of Table 2 shows that neither diminished
signals nor any increase in background was observed
wvhen "dipsticks" with different bound probes were

placed in the same sample.

Table 2: Absence of "Crosstalk" Among Dipsticks

OD 405nm OD 405nn

Sample Support Probe 10 min. 30 min.
unspiked stool dipstick 732 o 0.044
- " 576 0 0.041
stool + campy . 732 1.474 2.0
" " 576 0 0.030
unspiked stool well 732 0.004 0.064
" " 576 0.009 0.060
stool + campy " 732 0.529 1.226
" " 576 0 0.060
20 min
unspiked stool dipstick 732 0 0.014
" " 676 0 0.006
stool + campy " 732 1.254 2.0
" " 676 0 0.009
unspiked stool well 732 o 0.014
. " 676 0 0.022
stool + campy " 732 0.584 1.133
: " " 676 0] 0.017
Legend: Filtered GTS normal stool #14 in 2.5M
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GuSCN, 10% dextran sulfate was spiked with
Campylobacter extract at 5.0F§ cells/ml. 1In the
first experiment an &verage of 556ng of 7232 and
316ng of 576 were bound per poly(dT) coated well,
2nd in the second, 445ng of 732 and 350ng of 676.
To each well was added 300ul of sample and six
"dipstick wells" were added to 10ml of sample.
Lfter the TEA €1 wzsh (in volumes equal to those of
the samples), the "dipsticks" were treated as normal
microtiter wells and the standard protocol was
followed. Results are the average of triplicate
samples.

As compared to the results from the wells, the
backgrounds from the "dipsticks" were slightly lower
(not significantly higher, as Predicted if crosstalk
occurs) and the positive signals were actually
greater (not less, as Predicted if crosstalk
occurs). The increase in signal seen with the wells
used as dipsticks could be due to the larger sample
volume available to the wells immersed in the
samples coupled with target driven hybridization at
this level of target. 1In any case, the higher
signals achieved with the actual immersion of the
solid phase as compared to the use of microtiter
vells is one advantage of using dipsticks as the
solid phase in place of microtiter wells. Another
advantage of dipsticks over vells is that sample
handling and Pipeting are minimized.

Most likely, the absence of crosstalk is due to
the tailed probe’s remaining bound to the support
throughout the capture. Additiomally, if a small
amount of loosely bound tailed probe does elute from
a given dipstick, very little can rebind to other

dipsticks since the vast majority of the Poly (dT) on
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GP @55795




WO 90/10716

10

15

20

25

30

PCT/US90/01205

S -38-

the other sticks have been presaturated with their
cwn tailed probes. An expcriment was done in order
to measure the stability of the prebound tailed
ﬁrobe during the course of the assay. The tricium
labeled, dA-tailed captuvre probe 732 (dAB0) was
pre-bound in 2.5M GuSCN, 10% dextran sulfare to
dT4000 coated and blocked polystyrene microtiter
wells with an average dAl2 binding capacity of
412ng. Twelve wells were scintillation counted
prior to the assay in order to establish a baseline
for the amount of probe immobilized on the supports.
The results are presented in Table 3. A mean value
of 274 ng of probe bound per well was obtained,
Twenty-four wells were then carried through a mock
assay which included all of the normal steps and
reagents, except that no target or riboprobe were
added. Twelve wells were assayed with the standard
2.5M GuSCN, while the other twelve were done with
2.0M GuSCN. 2.0M GuSCN was used because it effect-
ively controls RNase, and oligo(dA) binds to
Poly(dT) better in 2.0M GuSCN than in 2.5M GuSCN.
The wells were incubated with 2.5M or 2.0M GuSCN and
10% dextran sulfate for 40 minutes 37°C, followed by
a 2.4M TEA.CI wash for 15 minutes at 37°C. Afcer
three washes with 1M NaCl, 0.1M Tris pH9.3, 2mM
MgCl2, 0.1% Tween 20, the wells were incubated once
again with GuSCN and 10% dextran sulfate for 30
minutes at 37°C. Following three washes with the
above NaCl buffer, the wells were incubated with the
enzyme conjugate dilution buffer for 10 minutes at
room temperature. The wells were washed three times

with the NaCl buffer and then scintillation counted.
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(The enzyme substrate step was excluded since it may
actually be advantageous if the probe came off of
the sold support during color development). As seen
in Table 3, a mean value of 198 ng of probe retained
rer well in those which were assayed with 2.5M
GuSCN. Based on the Pre-assayed values, 72% of the
immobilized probe remained bound to the solid
supports. For the .wells assayed with 2.0M GuSCN,
the mean value retained was 218ng per well, or 79s
of the established baseline. This shows that very
little capture probe comes off the support during

the course of an assay with the present invention.

PCT/US90/01203
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Table 3: Retention of Prehybridized Capture Probe

on Poly(dT)-Polystyrcne During the

Course of an Assay

-~

Pre-Assay 2.0 GusCN Assay

05 cpn/wrl ng/well cpm/iell  ngfvell

2,00 GuSIL Ascay

12622 223 12710 181 12140 173
21056 201 14001 200 14562 208
c0613 294 12050 199 17854 255
22436 320 16040 229 17500 250
10 17027 - 213 11269 161 13310 100
19693 281 13434 192 13192 1e8
18944 271 11705 210 16241 222
17899 256 1zg22 213 - 16020 223
21055 201 1503: 215 17139 249
15 20403 201 13281 190 17006 212
16609 237 12047 199 11202 20z
18680 267 1265 181 13437 193
R v PR
std. dev.: 28.3 17.5 27.2
20 % ret2ired: 72% 7o%
EZZQ;QI";SII-;E;;;;;';Z;;ZIZ;E'-};IZ;’;;;Z;S;Z;;'Z—ZZ;"':'
ihe

poclx(4T)-3000, UV irraciated, and bloclked z2s described.
was bound to

Twelve wells were
scintillation counted prior to the start of the assay in
order to obtain a baseline of the amount of probe bound.
mocl: assay (no target or riboprobe added) waec don
vells, 12 of which were used with 2.3H GuSCXN and 12 wit

300uSCN. After the finzl wash step, the wells were
scintillation counted and the percent of the c2

3l-labeled, dA-tailed czpture probe 732 (
25:;e11s in 2.5M GuSCN, 1C% dextran sulfate.

retained on the wells was calculated.

da80)

e with 24

pture probe

A

h 2.0M

GP 055798



WO 90/10716

41 -

The retention of the preimmobilized probe isg
thus about 70-80% during the course of the entire
assay. Crosstalk is most likely to occur, if at
ail, during the first Torty minute capture step.

05 During the tapture ctep, retention of hound capture

. Probe is greater than 93%.

1t is also possible to add Poly(dT) to =the
samples to bind to the dA-tails of any probes that
elute from their respective dipsticks. This would

10 prevent the dA-tailed probes from binding to a small
amount of unhybridized poly(dT) on other dipsticks
(by choosing the appropriate concentration of
poly(dT), the-solution phase hybridization will be
faster than the solid phase immobilization).

15 Poly(dA) could be added to the samples in place
of poly(dT) in sufficient quantity such that any
free poly(dT) on the dipsticks will preferenctially
bind the added Poly(dA), and not the tailed probes

from other dipsticks.

20 Example 4
This example shows that the Present invention
can be used to assay clinical stool specimens
nonisotopically with no cell culture and without
Prior purification of the nucleic acids. The
25sensitivity and specificity are each about 90%.
In two separate experiments, a total of 32

Campylobacter culture-positive stool samples

(obtained from Evanston Hospital, Evanston IL), and
20 "normal" and culture-negative specimens, were

30assayed using a pre-bound Campylobacter specific 16§

PCT/US90/01205
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TRNA capture probe (#732). The 732 probe is 35
nucleotides in length and recognizes C._jejuni, C.

coli, and C. laridis, but misses all other

05 pylori. The standard assay protccol described in
the Materials and Methods section of Example 2 was
used. The OD 405nm was read 45 minutes after the
addicion of the enzyme substrate. For each sample,
the level of specific hybridization was computed as

10 the OD 405nm of the 732 probe well minus that of the
control well containing only calf thymus DNA. The
cut off for positives was set at twice the average
of the'negative samples assayed in each experiment.
Table 4 shows that of the twventy negative stool

15 samples screened, three were scored as false
positive, (85% specificity). Better specificity can
be achieved by using two specific probes in place of
one specific and one generic probe. Significantly,
two of the three false positives were from "normal" ¢

20 samples, some of whom may have an asymptomatic low

level Campylobacter infection from prolonged

exposure to the pathogen. These samples were not
confirmed culture negatives. With confirmed culture
negatives, the assay showed one false positive (90s%

25 specificity).
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Table 4: Assay of Normal and Culture Negative

Stecols with the Campvlolbiacter Probe #732

on A0Lum
Sample 732 CT 732-CT 1/~

05 Experiment A: Normal stools from Asymptomatic Gene-Trak
Donors
1 0.106 0 0.106 +
2 0.006 D 0.006 -

3 0.122 0 0.122 +

104 0.035 0 0.035 -

5 0.030 0 0.020 -
6 0.072 0.028 0.044 -
7 0.052 0 0.052 -
8 0.078 0.031 0.047 -
159 0 0 0 -
10 0.028 0 0.C28 -

Cut off for positives: 0.084 (2x the avg. of negs.)
Experiment B: Clinical Camprlobacter culture-negztive
stools.

20 2047 0.107 0 0.107 -
2048 0.045 0 0.045 -
2053 0 0 0 -
2061 0.071 0.001 0.070 -

- 2065 0.124 0.015 0.109 -

252070 0 0 0 -
Z080 0.219 0.441 0 -
2081 0.391 0.032 0.339 +
2083 0.019 0 0.019 -
2084 0.085 0 0.095 -

30 Cut cff for positives: 0.160 (2x the avg. =f negs.)

- - — — - — ——— e D - T e D S D S S S G e e = W e e — -
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Table 5 shows that twenty-nine of the
thircty-two Campylobacter positive clinical samples
Proved to be positive by the DNA probe assay (91¢
s:'ensitivir.y). The three false nepatives, which #11
showed absoiutely no signal, may have been misscd
due to the somewhat limited inclusivity of the
capture probe used. It is also possible that the
samples were "mishandled" prior to assay since they

vere not collected and stored with an assay for a

10 fragile molecule like RNA in mind.
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Table 5: Assay of Campvlobacter Clinical Samples
Cr $00nm
Sample 732 CT T32-CT /- Culture
Experiment A:  Cut off for posgitives: (.034
’ 052002 2 0 2 +
2005 1.272 0 1.272 + 2
20060 >2 0] >2 + 3
2007 0.000 0 0 -
2008 0.011 0.013 0 - 20
102009 0.41¢ 0.054 C.365 + ’p
zZ010 >2 1.343 >0.6 + 1
2011 22 0] >2 + 2r
z012 2 0.786 »1.2 + 3
2013 . 0.122 0 0.122 + 1P
152014 S22 0 >2 + 3
2015 »2 0 >2 + 2P
2016 >2 0 >2 + 2p
2017 >2 0 02 + 3P
2018 0.097 0 ¢.097 + 1P
202019 >2 0 >2 + 3
2020 2 0 >2 + 3
2021 >2 0 2 + 1P
2022 0 0 0 - 2p
2023 >2 0 2 + 2p
252024 0.18¢6 0 0.4€6 + 2
2025 >2 0 >2 +
20286 0.128 0 0.128 + 1P
2027 0.416 0 0.416 + 2P
2050 1.028 o] l1.028 +
302062 >2 o >2 +
Experiment B: Cut off for positives: 0.160
2064 >2 0 22 ¥
z080 >2 0.148 >1.8 + ap
2091 >2 0 >2 + 4p
352092 >2 0 M2 + ip
2100 32 0 )2 + 2
2112 >2 0.040 >2 + 3p

—_-_———-_—_----—-—————----—--—————_..___--_-——_—___________-__

Legend of Tebles 4 and 5: The "732" column is the
Camprlobacter specific signal and the "CT" column it the

KO nonspecific (calf thymus DNA) backzround. +/-refers to
whether the sample is positive or nezZative by the DNA probe
~assay. Culture: 4P >> 3P 5> 2P >> 1P, This represents a
relative estimate of the number of (.ampyrlobacter colonies on

the Campylobacter selective rlate.
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Example 5
This example shows the detccticn lirmit of the
assay by measuring the dose-response of the tech-

nique for the detection of Salmenelila typhimurium in

05 25% w/v normal ctoonl.

In order to assess the detcction limit of the
assay described in this document, a dose-response
study was done for the direct detection of
Salmonella spiked into normal stool. Normal stool

——— s e e e e e

10 was spiked with various levels of Salmonella

typhimurium and assayed following the standard

protocol of example one but using the Salmonella
specific capture probe #676 (Figure 3). As shown in
Figure 2, the nonisotopic assay detection limit

15 (without cell culture or prior purification of the
nucleic acids) is approximately 1.2 x 104 Salmonella

per sample. The signal at that level of Salmonella

(0.038 OD) is about 10 times the assay background
(0.004 o0OD).

20 Example 6
This example shows a useful, generic method
wvhereby a stringency wash can be done with target
immobilized on a solid support by means of the
Poly(dT)-poly(daA) affinity pair,

25 The wash étep with 2.4M TEA C1 following
capture of targets out of samples was originally
added as a stringency wash in order to reduce
nonspecific hybridization. 2.4 M TEA C1 functions
45 an agent that equalizes the strength of the AT

30 and GC base pairs. This property can be exploited

in assays employing a battery of probes of a fixed

GP 055804
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length but of widely different base composition. By

washing with 2.4M TEA C1, 211 hybridizations can be

made equally stringent. In this way a reduction of

nonspecific hybridization can be accomplisihed with a
(i TEA Cl1 wash.

Tetraalkylammonium salts have an added ad-
vantage for a capture system based on the dA -dT
affinity pair: They Ereatly strengthen the
Poly(dA)-poly(dT) affinity pair (dissociation

10 temperature of 65°C in TEA Cl) relative to 35mer
mixed base sequences (dissociation temperature of
43-44°C). This homopolymer thus enjoys an un-
expecﬁed but useful stability. (Because of the
equalizing of G-C and A-T base pairs in 2.4 M TEA

15 C1, a plot of dissociation temperature versus probe
length is a straight line. Wood et al. Proc. Natl.
Acad. Sci. USA., vol 82, 1585-1588 (1985). This is

true for random mixed base sequences. Poly(dAa) -

01igo(dT)-14 and poly(dA)-poly(dT) have dissociation
20 temperatures much higher than predicted by their
method.

Because of the special stability of poly(dT)-
poly(dA) in reagents such as TEA Cl, a lot of
Pressure can be applied to dissociate the probe from

25 pseudo-target sequences containing only one or a few
mixmatches. The hybridization background can be
greatly reduced under such washing conditions. The
dA-dT pairing would'normally break up under such
stress and most of the signal would be lost with the

30 background if it were not for the special and
surprising strength imparted to the dA-d4T homo-
polymer in reagents such as tetraalkylammonium

salts.
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Example 7
This example shows some further unexpected
results obtained with the TEA C1} stringency wash.
funother surprising result was the reduction in
05 nonspecific binding of the labeled probe to the
support by washing the support PRIOR TO the addition
of the labeled probe (Tables 6, 7, and 8). VWhile
the reduction of nonspecific hybridization of the
probe to pseudo-targets is expected with TEA Cl, the
10 reasons for the reduction in nonspecific binding to
the solid support are not completely understood.
While in relatively clean samples the addition of
the TEA Cl wash sometimes has little effect on
nonspecific backgrounds, it does reduce the higher
15 nonspecific backgrounds encountered in very dircy
samples. The lower backgrounds in Table 6 seen with
the samples washed with TEA C1 nust be due to the
decreased nonspecific binding of the labeled probe
to the solid support since the control which has no
20 heterologous target is the same as the control that
has heterologous target. The lower ME. coli”
isotopic background seen in Table 8 must also be due
to a lower pure nonspecific binding of the riboprobe
to the support following a TEA Cl1 wash (there is far

25 too little homology between the Campylobacter probe

GuSCN at 37°C).
Another surprising result obtained from the use
of reagents such as TEA Cl for washing was the
30 increase in signal when the wash step was done prior
to the riboprobe hybridization. Wash steps do not

narmally increase hybridization signals. This can
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be seen in the results Presented in Table 6, where
the inclusion of the TEA Cl waskh elfecctively doubled

the signal from the Campylobacter sample

{Campylobacter specific capture probe 732 used).

05 The low nonsgpecific background from the E._ccli an

no cell control samples were further reduced by the
TEA C1 wash.

Table 6: The Utility of the TEA C1 Wash in a

Nonisotopic Assay

= ODh 105nm

%3 gample TEA C) 702 £76 T32-576
Camfylobacter - 0.744 0.01¢ 0.728
E. coli - 0.035 0.020 n.o1n
o cells - 0.024 0.015 0.009

10 Campylobucter + 1.4587 0.021 1.466
L. coli + 0.006 0.018 0
no cells + 0.014 0.009 0

Legend: Cuampylobacter specific 722 capture probe was Pre-boupd
Lo poly (dT) polystyrene wells. Cell extructs were diluted in

15 2.5M GuSCKN, 10% dextran sulfate to 1.0E% Campylobacter/ml or
1.0E9 E. coli/ml. After the capture step, the wells were
emptied and 2.4{M TLA Cl was added to the indicated wells and
incubated for 15 minutes at 37 degreecs. All wells were Lhen
washed 3x in the 1M NaC! wash buffer ans the aLeay wae

20 continued using the standard protoccel. The OD 305nm was read
20 minutes a2fter the addéition of the enzyme substrate. The
results are the average of duplicate samples.

An experiment was done to determine if TEA Br
Producted the same effects in the assay as does TEA
25 Cl1 (Table 8). TEA Br does cause a large increase in
signal when used in a wash step prior to riboprobe

hybridization. The TEA cation is thus responsible
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for the effects, although this does not: imply cthat
the anion is completely immaterial. Other cations,
particularly similar cations, should have the same

effecrt.

Table 7: Comparison of TEA C1l and TEA Br Washes

0D 405nm _
Sample Wash 20 min. G0 min.
unspilked stool - 0.023 0.047
stool + Campy. - 0.082 0 189
unspiked stool TEA Cl 0.030 0.0G5
stool + Campy. TEA C1 0.525 l.BgO
unspiked stool TEA Br 0.024 0 93?
stool + Campy. TEA Br 0.488 1.504
Legend: Normal stool was assayed with and without the
addition of Campylobacter extract to 1.0EG cells/ml.

The standard assay protocol was followed with the exception
of the TEA Cl wash step, which was varied. 1In one se? of
camples it was included, in another it was replaced with TEA
Br, and in another it was also excluded. Both the 2.d4d TEA
Cl and 2.4M TEA Br were autoclaved prior to use. The OD
405nm was read 20 and 60 minutes after the addition of the
enzyme substrate. Results are the average of cuplicate

samples.

Another important aspect of this experiment is
that about an eight-fold increase in signal was seen
(with both TEA Cl1 and TEA Br) instead of the
two-fold increase previously observed. This could
be due to the fact that both reagents were
autoclaved before use, wvhich may have eliminated a
low level nuclease activity which was previously
Present (and which thus may have lessened the

potential signal enhancement).
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In order to determine if the increase in signal

seen with the uce of reagents such as TCA C1 and TEa
Br as wash buffers was due to improved binding of
the riboprobe to the target or to a long range

05 effect on alkaline phosphatase activity, an assay
was done using a double labeled (32P and biotin)
ribéprobe. Samples were assayed using the
Campylobacter specific capture probe 732, with and
without the inclusion of the TEA C1 wash following

10 the standard protocol. The 0D 405nm was read 40

minutes after the addition of the enzyme substrate

and as expected, the Campylobacter positive signal
was aﬁproximately doubled with the inclusion of the
TEA Cl step (Table 8). Following color development,

15 the wells were washed and then scintillation counted
to determine the amount of riboprobe bound to the
vells by way of the 32? label, Approximately twice
the number of counts were obtained in the

Campylobacter wells which received the TEA Cl wash

20 verses those which did not (The TEA C1 used in this
experiment was not autoclaved). This corresponds to
the increase in color obtained with the TEA C1 wash
step, indicating that this improved signal is due to
an increase in riboprdbe binding. This increased

25 binding of the riboprobe is believed to represent

increased hybridization.
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Table 8: Effect of TEA Cl Wash on the Subsequent
Dinding of the Ribhoprobe to the Target/

Capture Probe Complex

Sample TEA Cl oD 405nm CPM
G5Campy. - 0.596 ?g!
Camgy. + 1.073 1753
E. coli - 0.089 244
E. coli + 0.071 54

- —— - — - - —— - = — - —— » —— — ——— - - - - ———

Legend: Cell extracts were diluted in 2.3M GuSCN, 10% L
1Jdextraen sulfate {(Campvlobacter to 1.0E6 cells/ml and E. coli

to 1.0FE9 cells/ml) and targets were captured with pre-bound

732 probe for 40 minutes et 37 degrees. The wells were.

wacshed with either 1M NaCl or with 2.4M TEA Cl for 15 minutes

at 37 degrees. The target was then labeled with a ++: + + 4+ 4+
15168 rRNA generic riboprobe which was double labeled with

biotin and 32P. After color development with SA-AP/pNPP for‘

40 minutes, the wells were washed and the amount of 32P bound

was determined by scintillation counting.

While a slight decrease in the background from
20 the E. coli sample was observed upon color develop-
ment when the TEA Cl step was included, a far
greater decrease (4.5x) in the amount of riboprobe
bound to the wells was seen from the 32? counts
obtained. This 4.5x reduction in background in the
25 32P counts represents the true decrease in the level
of nonspecific binding of the riboprobe caused by
the TEA Cl wash. The failure to see this same level
of reduction in color is probably due to variable
nonspecific binding of the enzyme conjugate
30 streptavidin-alkaline phosphatase.
The data of Tables 6, 7, and 8 indicate that

\when the TEA Cl wash step is applied prior te the

GP ©855810
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addition of the labeled probe, thea level of
subsequent binding (presumably hybridization) of the
labeled probe to captured targets is increased by a

factor of two or more.

This example shows methods whereby the present
probes can be used to do reversible target capture,
The advantages of a reversible target capture
protocol, particularly greatly increased sensitivity
and specificity, are fully described in Collins,
European Patent Application Number 265244, which has
been iﬁcorporated herein by reference.

One important advantage of the dA-dT affinicy
pair used to capture the probe-target complex onto
the solid support for the Present invention is that
it is readily reversible. Reversibility of target
capture allows recapture of the target/probe complex
onto other solid supports in order to reduce back-
ground levels and thus to improve the sensitiviry
and specificity of the assay. While the preferred
user-friendly embodiment of the assay we describe in
this document employs only a single capture for ease
of use and yet has very good sensitivity and
specificity in clinical stool samples, increased
sensitivity and specificity may be gained by mul-
tiple rounds of capture. The experiment described
below demonstrates the feasibility of the first such
reversibility scheme. This method would use a
capture probe with a very short, chemically syn-
thesized dA tail, in this case dAl5. The probe

would be immobilized on a Poly(dT) coated support in
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a tetraalkylammonium salt such as but not limited to
3.0M tetramethylammonium thiocvanate (TMA SCR).
Tetraalkylammonium salts impart special stability to
the poly(dA)-oligo(dT) affinity pair. Following the
05 capture of the target from the sample and subscquent
washes, the probe-target from . the sample and sub-
sequent washes, the probe-target complex would be
eluted form the so0lid support in 2.5M GuSCN and then
recéptured with a second probe with a long da tail
10 (either with the same or with a different mixed base
sequence) on a second poly (dT) support with the
same physical composition or with a different
composition. As seen in Table 9, high levels of
probe 888-dAl15 (Figure 3) bind to poly (dT) coated
15 polystyrene in 3.0M TMS SCN, but not in 2.5M Gu SCN.
This shows that targets can be captured in 3.0M TMS
SCN; then the probe-target complex can be elucted
with 2.5 M Gu SCN to allow subsequent rounds of
capture with a second probe containing a longer tail
20 such that the probe-target complex can bind to the
poly(dT) im 2.5 M GuSCN. (The concentration of the
888 probe required for acceptable levels of binding
to the poly (dT) was increased from the standard
concentration of 2.5 ug/ml due to the fact that a
25 crude prep of the oligeo was used in the immobiliz-

ation procedure).
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Table 9: Binding of dA-Tailed Probe (dAlS) to
Poly(dT) Coated Polystyrenme Wells in
Gu SCN and TMA SCN

Hybrid. Seol. Prole Conc. ng bound/well
05 2.5M Gu SCN 2.5 ug/ml 28

3.0M TMA SCN 2.5 ug/ml 119

3.0M TMA SCN 5.0 vg/ml 374

3.0M TMA SCN 10.0 ug/ml ) 734

Legend: 32P labeled 5'dA-tailed B88 (dAl15) probe'uas Pound

10 to poly (dT) coated polystyrene microtiter wells in 2.5M Gu .
SCN or 3.0M TMA SCN with 10% dextran sulfatc for 1 hour at 37
degrees. Wells were pre-blocked with the standard blocking
buffer containing 2.5 Gu SCN or with substitution by J3.0M
TMA SCN. Following the incubation period with the probe, the

15 wells were washed three times in the standard IM NaCl wash
buffer and then scintillation counted to determine the amount
of probe bound. The data show thet this short 5' teiled
probe will bind to poly(dT) in 3.0 M TMA SCN but not in 2.3 M
Gu SCN. The latter can thus be used as an elution buffer.

20 Example 9

This example discloses methods employed by the
Present invention to minimize signal loss due to the
Presence of large amounts of heterologous rRNAs,
endogenous avidin, other biotin-binding molecules

25 and other compounds.

When specimens are being tested for any of a
group of pathogens, it is desirable to use a single
labeled probe to label all of the targets of
interest. For example, for a GI panel, a single

30 large labeled probe (such as the 5°' or 3’ 165§

riboprobe) containing many detectable ligands that
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would label the 165 rRNA of Campyichreter,
Salmonella, and Shigella would be dacirable in Flace
of a vast multiplicity of singly or doubly labeled
oligomers which would have to be made for each of
the organisms (to achieve the same number of
reporter groups bound per rRNA target).

However, in a stool sample there are generally
more than 1011 bacteria/ml. XKuritza et al.

Applied and_ Environmental Microbiology, 51:385-390

(1986). These bacteria would contain more than 1015
16S rRNA per ml, and in a competitive situation,
perhaps only 1/1000 rRNAs of the target organism
will be labeled since the labeled probe
concentration is only 1012/m1. This can be
corrected by specifically capturing the target out
of the stool sample and washing away competitor
rRNAs prior to labeling.

Various substances besides rRNAs Present inside
cells can interfere with the labeling and detection
of nucleic acid targets. For example, a bio-
tinylated probe was used in the experiments reported
herein. 1If large quantities of avidin or other
biofin-binding macromolecules were present in the
sample, these could bind to the biotinylatedAprobe
and reduce the size of the signal generated by the
streptavidin-alkaline phosphatase. Capture of the
target prior to labeling as disclosed herein is a
workable solution to this problem.

' Another potential interference is endogenous
poly(rA) and poly(dA). Mammalian cells, which are
found in virtually all clinical samples (especially

blood) contain about 1 attomole of poly(rA) per

GP
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cell. T. Maniatis, et al. 1982. Molecular Cloning:

A_Laboratorv_Manual, p. 188, Cold Spring Rarbor
Laboratory, New York. They also contain aboutr 100
ppm poly(dA) by weight. These could compete with

05 the dA-ﬁailed probes pectentially bound to targets
for binding to the poly(dT)'polystyrene. The result
would be diminished signals and potentially higher
backgrounds as well. By presaturating the support
with tailed probes, this potential competition could

10 be minimized or eliminated along with any potential
increase in backgfound.

In Table 10, data are presented from two
representative experiments comparing the results
employing either the preimmobilized capture probe or

15 the capture probe free in solution, Three
situations are considered: no competitors present

(5X106 Campylobacter/ml only), competitor rRNA

present (purified E. coli RNA added), or
Streptavidin present at 10 pg/ml. With the capture
20 probe free in solution, there is a substantial loss
of signal with competitor rRNaA (34-fold decline) and
streptavidin ( 100-fo0ld), as predicted above.
With the preimmobilized capture probe, however,
there was no loss in signal with competitor rRNA or
25 with streptavidin. Thus this method allows us to
exploit the advantages of using a single completely.
generic detector probe that is conveniently labeled

with moieties such as biotin.
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Table 10: Comparison of Competitor Effects on

Solution and lumobilized Assay TFormats

Sample 0D 105nm
SOLUTIOR INMMOBILIZED

- — - - = ———— - Y " —— — - - - — e e TS M - —— = e e R e A Ss e o

05 Expiment A:

Campylobacter 1.209 . 1.044
Campylobacter + E. coli RNA 0.033 1.226
Campylobacter + Streptavidin 0.000 1.348

Experiment B!

19 Campylobacter 0.962 C.796
Campylobacter + E. coli RNA 0.031 -0.719
Campylobacter + Streptavidin 0.006 0.625

Legend: Campylobacter specific capture probe 732 (dA63) was
_ used to assay Campylobacter extracts (5.0Ef cells/ml) in the
15 presence of E. coli RNA (approx. 100 ug/ml), polyx(A) (10
ug/ml), or streptavidin (10 ug/ml). Poly (dT) coated
polystyrene dipsticks were used as a solid support for the
capture of target molecules. Two different sssay formats
were used. In the first, dipsticks were added to samples
20 along with the addition of the capture probe and the bio-
tinylated riboprobe (both at 0.5 ug/ml) and incubated at 37
degrees for 60 minutes. The sticks were washed, incubated
with a SA-AP conjugate, washed again, and then the signeal was
‘ detected with pNPP. The second format used was the standard
25 protocol with the capture probe immobilized on the dipsticks,
the use of a TEA Cl wash step, and the addition of the
labeled probe after the capture and TEA Cl steps. The
capture step was for 60 min. and the riboprobe incubation for
, 30 min. A volume of 0.5 ml was used for all reagents except
3@ the 1M NaCl wash buffer (washes done in bullk). Results are
the average of duplicates.

Equivalents

Those skilled in the art will recognize, or be
able to ascertain by no more than routine
35 gxperimentation, many equivalents to the specific
embodiments of the invention described herein. Such
equivalents are intended to be encompassed by the

following claims.
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1. A method of isolating or determining a target
nucleic acid in a sample comprising contacting
the sample with a solid support coated with a
05 substratum hybridized to, a capture probe which
is complementary to the target nucleic acid,
under conditions appropriate for the target
nucleic acid to hybridize with the capture

probe.

10 2. A method of Claim 1, wherein the solid support

‘comprises polystyrene.

3. A method of Claim 2, wherein the solid support
is selected from the group consisting of:
pPolystyrene microtiter wells, polystyrene tubes

15 and polystyrene dipsticks.

4. A method of Claim 1, wherein the substratum

comprises a polynucleotide.

5. A method of Claim 4, wherein the substratum is
poly(dT) or poly(da).

20 6. A method of Claim 1, wherein the prehybridized
oligonucleotide probe comprises an oligo-
nucleotide linked to a homopolynucleotide tail
section which tail section is complementary to

the substratum,
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7. A method of Claim 6, wherein the substratum
comprises poly(dT) and the tail section

comprises poly(dA).

g. 4 method of Claim 6, wherein the substratum
05 comprises poly(dA) and the tail section

comprises poly(dT).

9. A method of Claim 1, wherein said tail is
attached to the 3' end or 5°* end, or is bound
to at least one internal residue of the

10 . oligonucleotide probe.

10. A method of Claim 1, wherein said
oligonucleotide probe is DNA and said tail is
DNA or RNA.

11. A method of Claim 1, wherein said
15 oligonucleotide probe is RNA and said tail is
DNA or RNA.

12. A method of Claim 1, vherein said tail is a
homopolynucleotide Ssequence or a mixed base

sequence of two or more nucleotides.

20 13. A method of Claim 1, wherein the substratum is

multilayered.

14. A method of determining a target nucleic acid

in a specimen comprising the steps of:
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a. contacting the specimen with an agent that

disrupts the molecular structure;

b. contacting the mixture obtained in (a)
with a probe comprising a solid support
having coated thereon a substratum to
which an oligonucleotide complenmentary
to the target nucleic acid is
prehybridized, -under conditions
appropriate for the target nucleic acid to

hybridize with the cligonucleotide probe:

c. labeling the hybridized target nucleic
acids; and
d. detecting the labeled targets.

A method of Claim 14, wherein the solid support

is comprised of polystyrene.

A method of Claim 15,

comprises polystyrene microtiter wells

wherein the solid support
polystyrene tubes or Polystyrene dipsticks.

A method of Claim 14,

comprises a polynucleotide.

wherein the substratum

A method of Claim 17, wherein the substratum

comprises poly(dT) or poly(daA).
A method of Claim 14, wherein the prehybridized
oligonucleotide probe comprises an

oligonucleotide linked to a Polynucleotide tail
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section which tail sectiorn is complementary to

the substratum,

A method of Claim 12, vherein the substratum
coemprises poly(dT) and the tail section

comprises poly(dA).

A method of Claim 19, wherein the substratum
comprises poly(dA) and the tail section

comprises poly(dT).

A method of Claim 14, wherein the method

further comprises washing the probe after step

6 with a tetraalkylammonium salt.

A method of Claim 22, wherein the
tetraalkylammonium salt is selected from the
group consisting of: tetraethylammonium
chloride, tetraethylammonium bromide
tetramethylammonium chloride and

tetramethylammonium bromide.

A method of Claim 14, wherein the nucleic acid
comprises nucleic acids derived from bacteria

or viruses.

A method of reducing nonspecific binding of a
labeled probe to the support having a target
nucleic acid bound thereto, and of inecreasing
the size of the signal, the method comprising
washing said solid supports with a wash buffer

appropriate to lower nonspecific binding
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wherein said buffey is applied afrer the
capture of a target nucleic acid but before the

addition of the labeled probe.

The method Claim 23 comprising washing solijg
supports to which target molecules are bound by
means of one of the following affinity pairs:
oligo(dT)-poly(da), 0ligo(dA)-poly(dT),
oligo(dT)-oligo(dA), or poly(dT)-poly(daA).

The method of Claim 26 comnprising employing a

set of washing conditions in which said

"affinity pair is much stronger than the hybrid

Pairs involved in a mixed base sequence, such
that nonspecific hybridization of the capture
probe, or labeled probe to a pseudo-target can
be substantially reduced without causing
elution of the target nucleic acid from the

solid support.

The method of Claim 27, Qherein said wash

buffer is a tetraalkylammonium salt.

The method of Claim 27, wherein said washing
conditions refers to the use of a wash buffer
that is or contains a tetraalkylammonium salt
at a temperature between approximately one and
five degrees below the dissociation temperature
of the probe that pPossesses the lowest

dissociation temperature with the target.
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30. The method of Claim 27, wherein the signal is
increased due to enhanced binding or cnhanced
hybridization of the labeled probe to the

target.

05 31. A method of temoving the effect of potential
interfering substances from a sample prior to
the addition of a labeled probe to the sample,

comprising the steps of:

a. solubilizing the nucleic acids of each
10 sample with a chaotropic solvent;
b. contacting the sample with

solid supports to which oligonucleotides
specific for the target nucleic acids are
pre-immobilized thereby capturing the
15 target nucleic acids;
c. labeling the captured target nucleic acids
with a labeled probe; and
d. detecting the labeled target nucleic

acids.

20 32. The method of Claim 31 in which said
interfering substances that are removed in step
(b) are molecules selected from the group
consisting of: endogenous biotin, endogenous
avidin, endogenous biotin-binding activities,

25 nucleic acid binding molecules, molecules that
can bind the labeled probe, proteases and

nucleases.

33. A method of determining the presence or amount

of target nucleic acid in a sample using a
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reversible target capture protocol comprising

the steps of:

a. providing a first capture probe comprising
an oligonucleotide preimmobilized to a
first substratum through 2 short tail;

b. contacting the probe with the sample under
hybridizing conditions appropriate to
allow hybridization of the target nucleic
acid with the bound oligonucleotide and
wvherein the hybrid between the short tail
of the first oligonucleotide probe with

the first substratunm is stable;

- eluting the probe under conditions

appropriate to destabilize the short
tail-first substratun hybrid or the first
oligonucleotide probe-target hybrid;

d, adding a second capture probe having a
Preimmobilized oligonucleotide sequence
specific for the target nucleic acid,
vherein said oligonucleotide is bound to
the support through a long tail:

e. recapturing the target nucleic acid by

means of the second capture probe;

f. labeling said target nucleic acid; and
g- measuring said labeled target nucleic
acid.

The method of Claim 34, vherein the short tail
is in the range of approximately 10-20
nucleotides and the long tail is greater than

about 30 nucleotides.
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The method of Claim 33, wherein the shorc
tail-substratum hybrid is stabilized by adding
a solvent appropriate to strengthen the A-T
(A-U) base pair relative to the G-C basc pair,
or to strengthen the poly(da or rA)-o0ligo(dT or
U) or poly(dT or U)-oligo(dA or TA) or poly(da
or rA)-poly(dT or U) homopolymer relative to

mixed base sequences.

The method of Claim 35, wherein said solvent

comprises a tetraalkylammonium salt.

The method of Claim 33, vherein said elution is

performed by contacting the probe with a

chaotropic solvent.

The method of Claim 38, wherein the chaotropic

solvent is GuSCN.

The method of Claim 34, wherein the second

capture probe has the same mixed based sequence

as the first capture probe.

The method of Clainm 34, wherein the second

capture probe has a different mixed base
sequence from the first capture probe, thereby
enhancing the specificity of the hybridization

reaction and the assay.

A method of reversible target capture capable
of enhancing the overall specificity of an

assay, comprising the steps of:
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a. providing a first solid support having a
first tailed oligonucleotide probe
hybridized thereto;

b. contacting a second tajled oligonucleotide
Probe with a second soljd support, said
second probe having a different mixed base
sequence from said first oligonucleotide
probe;

c. contacting the first solid support of (a)
with a sample containing target nucleic
acids, thereby capturing target nucleic
acids on said first solid support;

d. eluting target nucleic acids from the
first solid support;

e. contacting the target nucleic acids fron
(d) the second solid support thereby
capturing the target nucleic acids on said
second solid support;

f. labeling said target nucleic acids; and

g- detecting said target nucleic acids.

The method of Claim 41, wherein saigq first
solid support has a short or a long
complementary nucleotide sequence attached to
it.

The method of Clain 41, wherein elution of the
target from the first solig support also
removes the tailed oligonucleotide probe, said

first tailed probe being prevented from binding
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to the second solid support because said second
solid support remains substantially saturated
with said second capture probe during the

entire second capture process.

The method of Claim 41, wherein a homopolymer
complementary to the tail on the first capture
probe is added prior to the addition to the
sample of the second solid support; said
homopolymer being added in a quantity in excess

over the amount required to hybridize to all of

~the tails on said first capture probe, and said

homopolymer being incubated with said tail on
the first capture probe for an appropriate
length of time such that essentially no free
tail is available to bind to said second solid

support.

The method of Claim 41, wherein a homopolymer
complementary to the homopolymer sequence on
the second solid support is incubated with the
second support for a sufficient period of time
Prior to the addition of the sample to said
second support to prebind any free sequences on
said second support, such that said first
capture probe is substantially prevented from

binding to said second solid support,

The method of Claim 41, wherein elution of the
target from the first solid support does not

remove said first tailed capture probe from
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said first solid phase because the elution
occurs under a sct of conditions that
stabilizes the substratum-tgil hybrid relative

to the mixed base sequence hybrid.

. 05 47. The method of Claim 46, wherein said conditons
comprise the use of 3 tetraalkylammonium salrt

. for said first elution 4t a temperature in
vhich the mixed base sequence hybrid is
unstable while the tail-substratum hybrid is

10 stable.

48. A kit comprising:
a. suitable so0lig supports, each containing a
bound substratum and a specific tailed

capture probe prehybridized to the

15 substratum; and
b. an agent that disrupts molecular
Structures.

49. A kit of Claim 48, wherein the solid supports
comprise agarose beads, Polystyrene microtiter
20 . wells, polystyrene tubes or polystyrene
dipsticks.

50. A kit of Claim 48, wherein the substratunm

comprises a polynucleotide.

51. A kit of Claim 48, wherein the substratum
25 comprises poly(dT) and the capture probe tail
comprises poly(da).
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A kit of Claim 48, vwherein the substratum

comprises poly(dA) and the capture probe tail

comprises poly(dT).

A kit of Claim 48, further comprising a wash

buffer, a labeled probe, a means for detecting

the labeled probe,

samples, one or more negative control samples,

elution buffers for reversible target capture,

or amplification or cloning reagents.

a.

A kit comprising:

suitable solid supports, each having a
bound substratum;

a separate tailed capture probe, wherein
the tail is complementary to the
substratum;:; and

an agent that disrupts molecular

structures.

A kit comprising:

a.

¥ Mmoo A 0o o

suitable solid supports, each containing a

bound substratum and a specific caprture
probe prehybridized to the substratum;
lysis solution;

labeled probe;

wash buffer;

a means for detecting said labeled probe:
one or more positive control samples;

one or more negative control samples;
elution buffers for reversible target
capture; and

amplification or cloning reagents.

one Or more positive control

GP @55828
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56. A device comprising:

a, a pipetting station and a detection
apparatus, said pipetting station being
capable of performing sequential

05 operations of adding and removing reapgents
to the solid phases at specified time
Points in a thermostatted environment;
b. said sequential operations comprising:
i. mixing samples, lysis solutions, and
10 solid supports:
ii. withdrawing fluid;
iii. adding wash buffer;
iv. repeating steps two andlthree
several times;
15 v. adding optional stringency wash
buffer, or elution buffer:
vi. removing optional stringency wash
buffer, or elution buffer;
vii adding labeled probe(s);"
20 viii. repeating steps two and three
several times;
ix. adding detection agents;
x. repeating steps two and three several
times; and
25 xi detecting signal with said detection

dpparatus.
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